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Abstract 

Recent  trends  m  fiber  deveiopnent>  research  topics  initiated^  facilities 
for  fiber  production>  fiber  testing  techni4ue6>  and  am  initial  con^site 
ring  specimen  preparation  are  discussed. 


Heference ;  sboffner,  j.  e.>  Keller,  e*  e.,  Sutherland,  w.  M., 
"Ceramic  Fiber  »  Ceramic  Matrix  Systems,"  GSeneral 
p^aamlcs/Convalr  ^port  ^  59-086,  San  piego, 
California,  27  October  1959>  (Reference  attiusbed). 
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BEC0Mt4ENDATI0N: 

Inlliial  iBVestigatidni  have  shown  the  desisnhility  of  eontinulng  Studies  of 
eersmie- fiber*  «  eeramic  soatfix  SySteniSi  Ifee  project  shotald,  however>  be 
divided  into  (a)  fundamentai  fiber  studie8>  and  (b)  eOn^Slte  studies  usiog 
existing  material  eombinationSi  the  studies  to  be  fruitfui,  le^  term 
funding  and  additional  equipm^t  is  required. 

INTROD(XyriON  AUD  RBCEWT 

B^ort  NO.  (31)  presented  the  desirable  features  of  fiber  composite 

systems.  The  need  wus  stressed  for  more  detailed  technical  i^rormation  on 
refractozy  fibers  which  have  b^n  reported>  and  the  requiraaents  of  msr  e  re<* 
fract&ry  fibers  than  typical  #assi 

^is  report  covers  the  recent  trends  in  fiber  development^  research  topics 
initiated  by  this  investigation>  the  establishment  of  facilities  for  nber 
production,  fiber  testing  techniques,  and  initial  composite  ring  ^ecinaa 
preparation^ 

horizons  (17)  has  now  released  inforfsatlon  on  "non*glassy  ceramic  materials^" 
^hasls  has  been  placed  on  alumiBa  sM  zirconia  fibexsbut  a  variety  of  oxides 
and  oxide  compounds  are  anticipated*  The  fibers  are  relatively  short,  from  a 
fraction  of  an  inch  to  about  th^e  inches*  ^e  zirconia  fibers  vary  from  3  to 
36  microns  in  diameter  and  the  alumina  fibers  are  ^roximately  one  micron  in 
diameter*  Hie  strength  of  the  fibers  is  reported  to  be  coeoparahle  to  soft  glass 
but  this, the  author  believeSjis  douhtful*  The  process  for  making  these  fibers 
was  not  disclosed*  On  a  trip  to  Boeing  Aircraft  Cojgpany  it  was  disclosed  that 
the  fibers  are  ^lown  from  a  solution  and  then  sintered* 

Bjorksten  (l)  Laboratories  are  wpzidng  with  refractory  inclusions  in  fibers* 
Although  the  idea  appears  promising,  the  results  jUadlcate  that  more  extensive 
work  is  required. 

Fiber  cooposlte  systems  are  now  actively  being  pursued  by  miisy  laboratories* 
GENERAL  EQIO^MBNT  REgJIREMEaTS  FC»  FlffiR  FRODUCTION: 


The  two  methods  zKZzmslly  used  in  making  continuous  fibers  are  desczlbed  below* 
a)  Rod  Method 

The  rod  of  fused  or  sintered  naterlal  is  heated  on  the  end  until  the  tip 
melts  and  falls  by  its  own  weight*  Hie  feed  of  the  rpd  is  started  at 
this  time*  The  advantage  of  this  me'^od  is  the  ellndnation  of  a  container 
for  the  melt.  The  dULsadvantages  are  as  follow: 
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a)  Rod  Method  (Continued) 

1)  RecLuires  eOntxoHed  rod  feed^ 

2)  RefiUrea  closely  controlled  draw  rate. 

3)  &e  production  of  roda  adds  an  extra  step  in  idle  procesSi 

4)  The  method  is  sot  as  adaptable  to  produetidn  -  -  aaltiftlaaent 
drawing  techMtues 

b)  Buehine  Method 

A  platinueij  cniei^e  (called  a  bushing)  with  one  or  aore  oi^fiees  in  the 
botton  is  heated  until  the  fiber  fonalng  material  melts.  Beads  of  Idie 
melt  at  the  otlfiee  are  caught  and  pulled  into  flberSi 

The  principal  disadvantage,  for  the  more  refractory  melts,  is  the  re<piire» 
ment  of  b**RbiHg  aaterial  to  withstand  oi^dation  and  the  attack  of  batch 
materials,  Tantaltsa,  molybdenum,  and  tungsten  (H)  have  been  investigated 
as  Crucibles,  using  controlled  atnoepheres,  but  with  limited  success. 

using  either  the  rod  or  bushing  method,  the  fibers  are  attached  to  a  ra* 
voiving  variable  speed  take«up  drum, 


Table  I  llsta  the  heat  bources  considerFid  versus  the  anticipated  retirements 
for  fiber  production.  The  Section  on  laboratory  inveatigation  covera  in  detail 
the  testa  perfbmed  and  etipment  evaluated ,  Induction  heating  was  aeleeted 
for  major  enphasia  for  the  following  reasons i 


1)  U^t  was  available. 

2)  ^k>st  flexible  in  eq^pment  design  and  operatlpn. 

3)  Unit  wsis  easily  adapted  for  controlled  atmoapheres 
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mTERIAL  CQNSICERATIOKS ; 

mateil^B  seleeted  for  itudy  were  aluMna,  high  i4yMSum  silicates,  zircon, 
and  zircoola.  No  hiowh  evldenGe  exists  of  the  pure  oxides  heing  present  in  the 
non^crystalliiie  or  anozphous  state,  calclun  aluMnate  passes  have  heen  made, 

Out  many  other  oxides  were  present .  %e  materials  studied  are  refractoiiy, 
available  in  rod  form,  and  have  a  range  of  physical,  eiectrical,  and  thermal 
properties  of  interest  for  the  co^osite  systems^ 

Two  approaches  for  forming  onoi^hous  alumina  containing  materials  were  suggested 
as  follow; 

1)  Gradiially  decrease  the  silica  content  in  alumina- silica  systems  to  the  point 
at  which  Reisses  could  not  be  formed. 

2)  A  unique  syst^  by  which  the  molten  alumina  (Isw  viseosity)  cotld  be  quenched 
at  a  rapid  enough  rate  to  form  the  n^cryatailine  state. 

The  first  approach  can  be  handled  using  the  rod  method  of  producing  fibers  or 
the  crucihLe  method,  proviitng  eontainer  mateiials  are  available. 

Flash  heating  IS  suggested  as  a  uMque  means  of  investigating  which  amorphous 
coi^sitions  can  be  made,  using  erystailine  fibers  of  ajumina  or  zirconia  and 
the  light  source  developed  by  Bell  Laboratories,  (27)  filaments  are  fuipended 
in  a  transpeurent  aeditiB  and  ei^oaedto  a  Mih  intei^ity,  high  speed  flash  hating. 
The  time  elapse  between  heating  and  quenehing  is  in  tte  order  of  a  few  i^lii« 
seconds. 

The  equipment  described  uses  capacitaneeS  as  high  as  1296  mierofarads  charged  to 
4KV.  The  movimiim  tempersture  is  reaGhed  in  the  1  to  100  micron  wave  length  and 
in  a  vacuum.  The  temperature  Is  limited  by  black  body  re- radiation  -  appr^- 
mately  3000 °C.  Tungsten  wire  has  been  vaporized  and  glasB  fibers  heated  using 
this  technique. 

Materials  Used 

The  rods  used  in  the  acpertmentB  performed  were  almnina,  zlrepn,  and  zirconia 
produced  by  Horton  Co,  for  flame  spray  application,  ®te  production  of  roda 
of  varying  eoapositions  la  a  project  in  itaelf.  Figure  1,  on  ^e  next  page, 
illustra^s  an  extrusion  die  deBiea  for  producing  rods,  Tbe  density,  toler- 
anees  (variations  of  diameter  and  BtraigBatness)  and  o'^er  phytieid,  proper¬ 
ties  of  ’toe  r^s  are  very  impprtant  in  toe  cloae  controls  necess&ry  to  pro¬ 
duce  fibers. 


ANALYSIS 

e  o  N  V  A  1  m 

PAOi 

5 

PRiPARib  BY 

J.  Ei  ShbffYier 

SAN  blieo 

RfPbRt  NO. 

MP-59“08^ 

CHiCKID  BY 

Wi  M.  Sutherland 

MODiL 

PEA  6009 

RtViSib  BY 

DAfi 

16«27“59 

•  OHM 


ANAt  VSiS 

m 

< 

> 

z 

0 

0 

RAag 

6 

1 

SatSARiD  tv 

J.  E*  Ehoffner 

UN  Diioe 

RgRORt  NO. 

59*086 

CHtCKiP  SV 

W.  M.  Sutherland 

MOOit 

BBA^8d09 

RtVISCO  BY 

OATi 

10^27*59 

Id  p3D3Ge8slDg  glass,  ' 
prime  importance ^  Before  < 
of  tiie  practical  temlDolOi 
ture  curves  of  severi4  ^a 
viscosity  (  poises  )  is  ap] 
defined  as  the  tei^erature 
softening  point,  the  tenpe 
weight,  the  log  viscosity 


ffl  the  melt  through  the  strain  point,  viscosity  is  of 
e  discussing  the  theory  of  viscosity,  a  hzief  reviev 
lo|y  is  in  orders  Idgure  2  shows  the  viscosity  tenq^ra* 
lass  coapositions^  In  the  molten  state,  the  log 
approximately  2^  dn  cooling,  the  «orim.ng  range  is 
ire  range  at  iiMch  the  log  viscosiiy  is  4,  At  liie 
perature  at  Which  a  piece  viH  deform  under  its  own 
y  is  defined  as  7*^* 


on  cooling  further  the  annealing  point,  the  i 
straina  are  rapidly  removed,  la  reached  at  a 
the  strain  point,  the  temperature  where  no  p( 
induced  W  thezmal  gradient,  is  reached  at  a 

Model  for  viacosity 


»ture  at  Which  intefnal 
viscoaity  of  13.4#  And  fin 
^Bt  internal  strains  eius  he 
viscosity  of  14,6i 


gyring  (lo)  regards  a  lifuld  as  holes  ^ving  in  matter  -  passes  have 
been  defined  as  st^reooled  liquids*  ine  energy  required  to  mahe  a  hole 
of  molecular  size  in  a  liquid  ia  thus  equal  to  the  energy  of  yaporization 
per  moleeule  of  the  latter*  Ihe  activation  energy  for  vlaeoua  flow  way 
be  regarded  as  Consisting  of  two  parts,  the  energy  to  form  a  hole  and 
the  energy  required  for  the  molecules  to  move  into  the  hole. 

For  Newtonian  flow,  no  change  in  viseosity  with  rate  of  sheer,  Nyzdng’s 
fonaula  ^ven  below  een  predict  viscosity  (f^)  vitiiin  less  thSo  30  pereent. 


h  -  Planck's  Constant 
N  a  Avogad^o'a  Nionber 
V  a  Nplsr  Volume 


R  a  Gas  Constant 
T  a  Tenperature  (*K) 

E  a  Energy  of  valorisation 


This  formula  applies  for  low  shear  v^ues,  (lees  than  IQ^  9?  ia9  dyne/p,^ 
fbr  nan<^Newtonlan  flow,  the  foULo^ng  fonaila  has  been  proposed: 


g  /Qf  e  I 

shear  values  ^  above  10^  dynes/co^ 

A,  a,  &  b,  -  constants  „ 

f  a  sheeyr  force  dynes/ cm- 

Eyring  stated  that  glasses  obey  aon^NewtonLan  flow*  Bockrilj^ however, 
stated  that  se vend  syataas  investigated  obeyed  Newtonian  flow. 
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NATURE  OF  VlSOOSirf  &F  GLASg;  (Gontinued) 

Good  (15)  GalGulated  the  vlseosity  shearing  force  Curves  (Figure  |)  using 
data  of  Bochris.  The  graph  shovs  that  the  viscosity  decreases  rapidly 
ahove  a  critical  raiue.  For  a  change  of  a  factor  of  ^  in  the  shear  force^ 
the  viscosity  decreases  by  a  factor  of  loo«  if  a  hi^  shear  force  is  applied^ 
the  teq^rature  for  a  given  viscosity  decreases^  At  a  shear  force  of  14  x  10^ 
dynes/an^^  the  viscosity  at  I345*  F*  is  equal  to  the  viscosity  at  ^5^*  F* 

Good  concludes  that  the  theory  requires  more  extensive  verification  in  the  glass 
fields  and  that  the  force  is  dependent  on  the  molecular  unit  of  flow  which  has 
not  been  adequately  defined^ 

rings^  sihO^o^'  tetrahedral  units>  and  a  coobination  of  these  have  been 
proposed  as  the  molecular  units ^  i^ckenzie  (2^)  proposes  the  plana]:  rings  as 
the  discrete  units,  as  shown  in  Table  11*  Bockris  (6)  pronoses  units  for 

ortho-silicate  coiapositlons,  rings  or  infinite  chains  Si^.ofl''  as  the  silica 
content  increases,  extension  of  two  diiiensional  sheets  Of  §1^0^'  at  33  #3  mole 
percent  metal  oxide  (mo)^  and  increasing  three  dimensional  bonding  as  the  SiOg 
content  is  further  inereased* 

The  more  refractory  co^^sitions  under  consideration  have  not  been  investigated* 
The  understanding  of  the  viscosity  shear  relationship  is  a  fundamental  require¬ 
ment  for  further  fiber  studies* 
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NATURE _QF  FISEBS : 


Additional  Oi^hMis  is  again  plaiced  on  the  difference  between  fibers  (non^ 
GryStailine,  5i8  »  19*i  miGron  diameter)  and  bulk  glass*  Tbe  extremely  rapid 
GbiHing  rate  of  lOiOOOT/seG.  lowers  the  density >  modulus  of  elastieity  and 
index  of  refraotion  of  the  fibers  as  coapared  to  bulk  glass*  The  fibers  are 
further  from  equilibrium  Gondition,  or  represent  more  of  the  high  temperature 
stTUctural  Gonfiguration*  When  a  fiber  is  reheated  after  foining>  the  properties 
change  to  values  representative  of  the  ms^slve  form*  ^e  increase  in  density^ 
eaUed  thermal  compaction  by  dtto(26};  eould  be  interpreted  as  a  coll^se  of 
the  holes  put  in  to  produce  the  vdscosity  of  the  molten  glass*  ^e  holes  or 
random  structure  is  frozen  when  the  ^eus  is  quenched* 

c^staHine  solids  have  a  melting  poMt  while  passes  have  a  transition  range 
which  noraaily  falls  between  loo  to  600  “C*  To  describe  the  ^exmal  histoxy  of 
glass  in  this  ranges  the  term,  "fictive  temperature’',  was  devel^ed  which  is 
defined  as  follows: 


for  temperatures  T>  below  transformation  rauage>  ihe  material  is 
said  to  have  a  fictive  'Y  (Tau)  if  it  iS  in  the  state  produeed 
iiy  rapid  quenching  from  conplete  equilibrium  at  ta^erature  T  *  t'* 
The  state  is  usually  eharacterized  ^  a  measurable  physical 
property*  Qhe  transformation  range  is  eitablished  because  an 
upper  limit  is  set  ^  •  quenching  occurs  at  a  finite  rate;  and, 
the  lower  limit  is  set  because  as  the  ta^erature  is  lowered) 
a  longer  time  is  required  for  equllibfium*  Figure  1  illustrates 
the  differenees  in  thexnal  e^anslon  of  annealed  bulk  glass, 
chilled  bidk  glass  and  fltera. 
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EBStBjG 

I&  testing  fibers,  the  differenGes  in  bulk  giass  and  fibers  iiiust  be  Gonsidered 
as  the  resiilts  vary  widely  wiMi  test  GondltionSi  Otto's  (^)  exeellent  work 
er^hasizes  this  pointi  Figaore  5  illustrates  the  effect  of  heat  treatoent  on 
the  inodulus  of  elasticity  of  fibers. 

on  a  recent  field  trip  to  Owens  Gosning  Fiber^as  iesearch  center,  otto  demons 
strated  equipi^nt  which  i^pears  to  be  the  intimate  in  siaplieity  in  testing 
techniques.  The  majority  of  investigators  use  eommerci^  testing  units  which 
limit  the  number  of  specimens  tested  or  increase  ^e  costi  Otto's  unit  was 
desigaed  to  test  @  fibers  simultaneously.  H^e  loading  jaw  is  driven  by  a 
constant  speed  motor  throu^  a  gear  reducer  to  provide  a  rate  of  strain  of 
0.063  in/in/min.  for  a  gage  lenpih  of  3^5  inches.  The  load  cells  are  idle 
Si^le  cantilever  beam  type  es^lo^ng  linear  variable  differential  transfoiiiera 
(L^i^)  as  the  sensing  eli^nts.  The  trsnsfomers  are  powered  at  8,000  eyeles/sec 
and  the  output  fed  to  an  d>channel  recording  oscillograph  (MLnneapoliBoHOneyWtll 
VisiGorder).  For  etatle  fatigue,  the  fibers  are  aeGured  on  fixed  jaws  and  on 
pivoted  jaws  at  which  point  the  fiber  is  loaded  (lead  wel#its)  with  merci^ 
switches  to  a  timer,  ^ilt  furnaces  are  used  with  i^e  above  units  for  elevated 
teBperature  testing.  The  above  efulpnient  approach  is  recoonended  for  required 
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Horizoix  (31)  used  coMoidal  siliea  as  matrix  material#  size  of 

Ludor  coyiOidal  slllea  was  r«^rted  as  10^30  miliimieroaS#  Galil  (13) 

Stated  that  itnali  partleles  melt  at  lover  temperatures  than  hulk  aaterials 
ami  develop^  formulas  for  calculatiag  the  lovenog  of  melting  point# 

Mckerman  (3}  states  i^t/'At  the  melting  pointj  the  >mpor  prassufe  of  the 
solid  is  egusl  to  that  of  the  li^d#  If  '^e  vapor  pressure  of  masll  er^tals 
is  greater  than  that  of  large  Grystals,  it  is  equal  to  that  of  the  liquid  si 
a  lover  tenperature  than  the  melting  tamperature  of  the  hulk  solid;  hence, 
smsH  ozystals  should  melt  at  a  lover  tmqperature  than  large  ones." 

The  use  of  eolloidal  size  material  to  huild  up  a  shiqpe  provides  a  most  inter* 
eating  i^proach  and  is  believed  to  be  influenced  bf  the  above  tbeories#  Addi* 
tional  reaearch  vork  is  suggested  to  cover  this  area# 

LABORATORy  moeamuRBS: 

Frelininary  Heat  aource  Evtluatiop 


The  following  preliminas^  heat  aource  evaluation  testa  Were  performed  in  the 
vacuum  coating  unit  at  presaures  leas  Hmn  10^5  mm  Sg. 

a)  Besistance  h<Nrbing 

A  coll  of  tungsten  vine  vas  used  as  shovo  in  the  sketch  below. 
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diffieultioa  ladleitid  tbit  tbli  llaa  of  iatiatinitlia  ba 
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LaiMiry  HBjal;  Boux^e  i\gU^H»'tlon  (ContiAu^) 
e)  induetijga  Seating 

A  2. 5  Ki  vacuum  tube  laduetlon  heating  unit  vae  uaed#  Bui 
metal  euaeeptor  vaa  not  thexmlly  inauiated  and  the  povar 
aupply  vae  inadequatei  With  an  inaulatad  ayatem  the  unit 
eould  be  uaed^ 


the  uae  of  a  felatively  large  vacuum  ehimber  Mth  extended  pu^pdown  time  ia^s 
Gated  the  uae  of  inert  gaa  ayatema  unleaa  better  vacuum  faeiUtlea  vara  pbtaiiied^ 

Iniuctlag  Heating  fttcility 

the  Lepel>  SpiuHc-di^,  15  KW  output  unit  vaa  uaad  in  this  ^vaatigation^  ita|par» 
aturea  vare  meaaurad  vith  an  ^tical  pyxametar  and  eontrollad  vlth  ateip  pCMir 
aettiaga,  tuniag|,and  im  off«an  foot  awiteh^  Bie  foUowing  eiQanmaBta  ware 
performed  to  evaluate  auaeaptor  deaign^ 

a)  Oreacthite  tube 

Uaiz^g  a  graphite  Hibe  aa  aketehed  belov  and  alumina  rada, 
aiuMiinui  carbide  vaa  formed  which  panatratad  the  aatruaidn 
pliuMa  of  the  alumina  rod  which  prevented  pxopar  aeltiag 

OOOditiOM. 


lNau^f>Titis 

3.  &p«PHiTr  ^Svsc(rprop 
a,  /QltQi  CpATAOtr 
S-  lNSux»^\Na  P»f'«(<»trp«v 
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InductlPK  Heating  gjacillty  (Co&tlSaed) 

MolyMenun  Tube 

Usine  a.  TOlybtefium  tube  ^tceptb^  vitb  of  vi'^out  fUMatlon 
ihlelds,  the  tiCQiefaldife  ^uctuated  eafeesslvely  vlth 
off son  GOntfOli 

g)  MQlybdetnjm J^be^Jiidth  >»y1  Ipisilmtloa 

Kgufe  6  llluitflitei  the  iystea  which  pxoved  the  aoet  iuceeci» 
fuli  It  vai  adopted  for  fiuH^r  teat*  aad  1*  dlaeuiaed  ia 
detail  in  the  hart  seetion^ 


Uber  iteit  Cieration 

Plgurea  7  and  6  ahow  the  induetion 
e:q>erimenta^  The  foUovlng  itepa  were 


unit  a*  dictated  by 
in  it*  operation 'i 


1)  Ihe  proper  power  setting  for  a  i^ven  auaceptor  va*  selected 
that  would,  with  a  aiiniiaiB  flow  of  Krgon  and  the  foot  iwiteh 
<m  eontinuously,  reach  the  deslfed  taiiperatura>  ^  unit  wii 
tuined  off  peak  frequency,  if  lower  power  ifiiut  to  the  iu*> 
ceptor  was  required. 

2)  Tht  rod  wa*  inserted  so  that  the  tip  wee  in  the  hot  tone  end 
an  exeeea  of  argon  wee  flushed  througb  the  ehanberi 


3)  After  the  teoperature  beeaiie  constant,  the  flow  of  er|^  we* 
slowly  reduced  end  the  teag^ratura  brought  to  the  daeired 
value,  Using  eluadna  rods  end  tanperatures  of  2200*0,  a 
bulb  was  fonaad  which  had  a  necked  cross  section  above  the 
bidb.  (Obetch  "A"  below)  Tte  next,  aost  critical,  s^ 
of  gradually  lowering  the  bulb  further  into  the  hot  sane 
eoi^  not  te  lawiially  accaapllsbed.  The  rod  wouU  be  icwered 
too  rapidLy,  the  necked  aaction  would  becoan  too  fluid,  aad 
tte  bcdb  would  drop*  (Sketeb  "B"  below) 
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Fiber  Uni^  OperalAon  (Continued) 

The  aseuiaption  is  made  that  if  the  tefifperature  control  and  distribution  were 
adequate,  faechaniGal  feed  equipment  would  permit  fibers  to  be  drawni 

^e  tubing  initially  used  was  molybdenum  and  the  life  was  liMtedi  Tantalum 
tubing j  used  as  part  of  the  susceptor,  has  proven  very  satiifactoxy» 

Induction  ConGentratOT 

A  field  trip  was  made  to  the  University  of  California  at  Berkeley  to  investigate 
the  construction  Of  an  electron  gun  as  a  heat  source i  The  use  of  an  electron 
gun  was  discouraied  in  favor  of  induction  heating  with  the  use  of  a  eoncentrator 

A  diap*affl  of  the  induction  concentrator  unit  is  shown  in  figure  9‘  The  sides 
are  water  cooled  with  ea^hasis  on  cooling  in  the  center^  The  unit  operated 
satisfaetorilyj  heati^  only  the  narrow,  center  zone.  This  susceptor  will  be 
investigated  further  for  both  fiber  work  and  other  hl^  teraperatuxe  applica* 
tions 

CeraMo  .Fiber^Cersmlc-  .^trlx  System 

A  laboratory  setup  for  winding  fibeiveeramiG  matrix  test  rings  was  fa^lcated 
as  shown  in  figure  lO.  The  'f"  roving  was  fed  an  electric 

furnace  at  800 ^f  to  remove  sizing,  passed  through  a  colloidal  silica  8us» 
pension,  and  wound  On  a  glass  cylinder.  The  wrapping  consisted  of  l6  thresds 
per  inch  for  two  la^rs  and  then  a  longitudinal  layer  of  8  threads  per  inch, 

Bie  wrapping  was  repeated  to  produce  1/8  ’  thick  rings  of  3  inch  dlaoeter. 

The  rings  were  dried  for  one  hour  at  2l2®f,  removed  from  the  cylinder,  and 
fired  for  10  minutes  at  laoO’f.  ihe  fired  rings  Were  dipped  in  the  colloid^ 
Silica  suspension  and  the  drying  and  firing  procesB  repeated  until  a  solid 
specimen  was  produced. 

The  test  rings  ejdiibited  a  degree  of  flexibility  and  "life  was  left  in  the 
fibers.  Additional  perfection  of  technlciues  is  required  before  any  quantitaR 
tive  tests  are  believed  to  be  in  order. 
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